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VERTICAL CAVITY SURFACE EMITTING 
LASER SEMCONDUCTOR CHIP WITH 

INTEGRATED DRIVERS AND 
PHOTODETECTORS AND METHOD OF 

FABRICATION 

FIELD OF THE INVENTION 

This invention relates, in general, to optical devices and, 
more particularly, to the integration of light emitting 
devices, driver circuits and photodetectors. 

BACKGROUND OF THE INVENTION 

Automatic power control (APC) of light emitting devices 
allows for a constant and a consistent output from these 
devices. Generally, automatic power control of edge emit 
ting laser devices is easily achieved because edge emitting 
devices emit light from two ends. Thus, enabling one of the 
light emitting ends to be used to measure the power output, 
which is Subsequently used to adjust the power input to the 
edge emitting device, thereby adjusting the power output. 

Recently there has been an increased interest in a new 
type of laser device called a vertical cavity Surface emitting 
laser (VCSEL). The VCSEL has a potential of several 
advantages over edge emitting lasers, Such as Smaller Size, 
higher performance, and more manufacturable. 

However, automatic power control of Vertical cavity 
surface emitting lasers (VCSELs) is a difficult task because 
the VCSEL generally emits light from only a Single Surface, 
thus making measurement of the output and Subsequent 
adjustment thereof a difficult task. Conventionally, in order 
to accomplish this task, Several optical devices, Such as 
photodiodes, mirrors, beam splitters, and the like are posi 
tioned manually in the optical path of the emission from the 
VCSEL. With the optical devices being positioned manually, 
Several problems or disadvantages result, Such as a high cost 
of manufacture, a lack of repeatability, and poor quality 
control, thus prohibiting high Volume manufacturing. 

In addition, with conventional VCSELS, driver circuitry is 
provided within a separate Semiconductor chip. Thus, it is 
necessary for the interface of the light emitting device chip 
to a Semiconductor chip that includes driver circuitry for 
APC. This drive circuitry enables the monitoring of the 
output power which is Subsequently used to adjust the power 
input to the VCSEL, thereby adjusting the power output 

It can be readily seen that conventional APC of VCSELS 
has Several disadvantages and problems, thus not enabling 
their manufacture in Volume manufacturing applications. 
Therefore, an integrated article and method for making same 
that Simplifies the fabrication process, reduces cost, and 
improves reliability would be highly desirable. 

It is a purpose of the present invention to provide a new 
and improved VCSEL Semiconductor chip, including inte 
grated drivers and photodetectors. 

It is another purpose of the present invention to provide a 
new and improved VCSEL Semiconductor chip, including 
integrated drivers and photodetectors, which is simple and 
relatively inexpensive to manufacture. 

It is still another purpose of the present invention to 
provide a new and improved VCSEL semiconductor chip, 
including integrated drivers and photodetectors, which are 
integrated with a minimum of labor and cost. 

It is a further purpose of the present invention to provide 
a new and improved VCSEL Semiconductor chip, including 
integrated drivers and photodetectors, which can be utilized 
to control the output power of the VCSEL devices. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the claims. The invention itself, however, as 
well as other features and advantages thereof will be best 
understood by reference to detailed descriptions which 
follow, when read in conjunction with the accompany 
drawings, wherein: 

FIG. 1 is a Sectional view of a Substrate, an active area, a 
first and a Second Stack of distributed Bragg reflectors, and 
a contact region of a partially completed ridge vertical cavity 
Surface emitting laser; 

FIG. 2 is a sectional view of the Substrate, as shown in 
FIG. 1, after an etch process to the partially completed ridge 
Vertical cavity Surface emitting laser; 

FIG. 3 is a sectional view of the Substrate, as shown in 
FIG. 2, after deposition of a layer to the partially completed 
ridge vertical cavity Surface emitting laser; 

FIG. 4 is a is a sectional view of the Substrate, as shown 
in FIG. 3, after another etching process to the partially 
completed ridge Vertical cavity Surface emitting laser; 

FIG. 5 is a sectional view of the Substrate, as shown in 
FIG. 4, after removal of a layer of the partially completed 
ridge vertical cavity Surface emitting laser; 

FIG. 6 is an example of a ridge Vertical cavity Surface 
emitting laser; 

FIG. 7 is a sectional view of the Substrate, as shown in 
FIG. 6, after deposition of a layer of polysilicon; 

FIG. 8 is a sectional view of the Substrate, as shown in 
FIG. 7, after another etching process to the partially com 
pleted ridge vertical cavity Surface emitting laser, illustrating 
fabrication of the integrated driver circuit and vertically 
integrated p-i-n photodiode; 

FIG. 9 is, a sectional view of the Substrate, as shown in 
FIG. 7, after another etching process to the partially com 
pleted ridge vertical cavity Surface emitting laser, illustrating 
fabrication of the integrated driver circuit and laterally 
integrated p-i-n photodiode; and 

FIG. 10 is a top view of a semiconductor chip including 
the integrated VCSEL, detectors and drivers according to the 
present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a partially fabricated vertical cavity 
surface emitting layer (VCSEL) 100 including a plurality of 
epitaxial layers. As shown in FIG. 1, the partially fabricated 
VCSEL 100 illustrates several elements or features, such as 
a substrate 103, a first stack of distributed Bragg reflectors 
105, an active area 107, a second stack of distributed Bragg 
reflectors 109, a contact region 111 including layer 112 and 
a conductive layer 113, a layer 115 having a surface 116, a 
masking layer 117, and an opening 121 with a size 122. 
While partially fabricated VCSEL 100 illustrates a single 
device, it should be understood that many devices can be 
fabricated on Substrate 103. Additionally, it should be further 
understood that FIGS. 1-9 are sectional views, thus illus 
trations depicted in FIGS. 1-9, can extend into and out of the 
drawings. 

Generally, Substrate 103 is made of any suitable semi 
conductor material, Such as gallium arsenide, Silicon, 
Sapphire, or the like. However, in a preferred embodiment of 
the present invention, Substrate 103 is made of gallium 
arsenide, thereby facilitating Subsequent epitaxial growth of 
additional gallium arsenide and its derivatives. 
The first and the second stacks of distributed Bragg 

reflectors 105 and 109, active area 107, and layer 112 of 
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contact region 111 are disposed or grown on Substrate 103 by 
any Suitable epitaxial method or technique, Such as Metal 
Organic Chemical Vapor Deposition (MOCVD), Molecular 
Beam Epitaxy (MBE), Chemical Beam Epitaxy (CBE), or 
the like. 

Additionally, the first and the second stacks of distributed 
Bragg reflectors 105 and 109, as well as active area 107 
generally are made layers of aluminum gallium arsenide. 
These layers of the first and the second stacks of distributed 
Bragg reflectors 105 and 109 are fabricated so that an 
aluminum concentration of these layerS alternate in concen 
tration. Additionally, the first and the Second Stack of dis 
tributed Bragg reflectors 105 and 109 are alternately doped 
with either a p-type dopant or an n-type dopant. For 
example, the first stack of distributed Bragg reflectors 105 
can be doped with the n-type dopant, whereas the Second 
stack of distributed Bragg reflectors 109 can be doped with 
the p-type dopant. 

Active area 107 is also made of a variety of layers. Briefly, 
active area 107 is typically made of a quantum well with 
barrier regions on either Side of the quantum well using any 
Suitable materials. Generally, the barrier regions and the 
quantum well are made of undoped aluminum gallium 
arsenide and gallium arsenide each having thicknesses of 
approximately 100 AngStroms, respectively. Further, it 
should be understood by one of ordinary skill in the art that 
additional barrier layerS and quantum wells can be added to 
improve performance of active area 107. 

Contact region 111 is made of layer 112 and conductive 
layer 113. Layer 112 is made of gallium arsenide disposed 
or grown by any Suitable epitaxial method. Typically, layer 
112 is grown with a thickness ranging form 100 to 500 
Angstroms, having a preferred thickness range from 100 to 
300 Angstroms, and a nominal thickness for 100 Angstroms. 

Conductive layer 113 is made of any suitable conductive 
material, Such as a metal, e.g., gold (Au), Silver (Ag) copper 
(Cu), aluminum (Al), tungsten (W), an alloy, e.g., 
aluminum/copper (Al/Cu), titanium tungsten (TIW), or the 
like. Deposition of conductive layer 113 on layer 112 is 
achieved by any Suitable method or technique, Such 
Sputtering, evaporation, and the like. Additionally, it should 
be understood that while Specific thickness of conductive 
layer 113 changes with Specific applications and designs. 
Thickness of conductive layer 113 can range from 2,000 to 
10,000 Angstroms, with a preferred range form 3,000 to 
8,000 Angstroms, and having a nominal thickness of 4,000 
Angstroms. 

Layer 115 is made of any suitable dielectric material, such 
as Silicon dioxide (SiO2), Silicon nitride (SiN), or the like. 
Additionally, any Suitable method or technique, Such as 
Chemical Vapor Deposition (CVD), e.g., Low Pressure 
Chemical Vapor Deposition (LPCVD), Plasma Enhanced 
Chemical Vapor Deposition (PECVD), or the like is used for 
disposing or depositing layer 115 on conductive layer 113. 
While specific thicknesses of layer 115 change with specific 
applications and designs, thickness of layer 115 can range 
from 3,000 to 8,000 Angstroms, with a nominal thickness of 
4,000 Angstroms. 
As shown in FIG. 1., masking layer 117 is patterned to 

make openings 121 and 124 that expose portions of Surface 
116. Masking layer 117 is made of any suitable lithographic 
process, Such as photolithography, X-ray lithography, or the 
like. Generally, lithographic processes are well known in the 
art; however, by way of example, a brief explanation of a 
positive photolithographic process is provide hereinbelow. 

Briefly, a photolithographic material, Such as photoresist, 
or the like is applied to surface 116 of layer 115. The 
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4 
photolithographic material is exposed with a pattern of light 
and developed, thereby providing open areas, illustrated by 
openings 121 having Size 122 being on the order of 15 
microns, and opening 124, as well as covered areas, illus 
trated by masked areas 123. The pattern that is used to 
expose the photolithographic material can form any number 
of geometric patterns and designs, Such as rings, ovals, lines, 
Squares, or the like. In the present case a ring is formed in 
masking layer 117, thereby making openings 121 and 124 
and exposing a portion of surface 116 of layer 115. 

After exposing and developing processes of masking 
layer 117, substrate 103 is ready to be etched. Substrate 103 
is etched in any Suitable etch System that provides an 
anisotropic etch profile. Further, any Suitable etch chemistry 
is used for etching substrate 103, such as a fluorine based 
chemistry, a chlorine based chemistry, or the like. Generally, 
fluorine based chemistry is used to etch or remove a variety 
of materials, Such as nitride, Silicon dioxide, tungsten, 
titanium tungsten, and the like, whereas the chlorine based 
chemistry also is used to remove a variety of material, Such 
as Semiconductor materials, e.g., Silicon, gallium arsenide, 
aluminum gallium arsenide, as well as conductive materials, 
Such as aluminum, e.g., copper, aluminum, and the like. 
Additionally, it should be understood that these chemistries 
can be used in the same etching System, thereby enabling a 
multitude of layers or different materials to be etched in one 
etching System. Thus, the process of manufacturing a ver 
tical cavity Surface emitting laser is more manufacturable. 
More specifically, with layer 115 being silicon nitride, 

with conductive layer 113 being titanium tungsten, layer 112 
and with the stacks of distributed Bragg reflectors 109 being 
gallium arsenide based with appropriate layers, layer 115 
and conductive layer 113 are etched in the fluorine based 
chemistry using gas Sources, Such as triflouromethane 
(CHF), tetraflouromethane (CF), or the like, and layer 112 
and the first stack of distributed Bragg reflectors 109 are 
etched in the chlorine based chemistry using gas Sources, 
such as Boron triChloride (BCI), Silicon tetraChloride 
(SiCl), and the like. Process parameter values for the 
gaseous plasma include pressure, power, and DC Bias. 
Generally, pressure can range from 5 millitorrs to 200 
millitorrs, with a preferred range from 10 to 100 millitorrs, 
and a nominal value of 20 millitorrs. Power, as measured by 
Radio Frequency Watts, can range from 20 to 1,500 Watts, 
with a preferred range from 50 to 1,200 Watts, and a nominal 
value of 90 Watts. DC Bias, as measured by Voltage Direct 
Current (VDC), can range from 200 to 1,000 VDC, with a 
preferred range from 300 to 700 VDC, and a nominal value 
500 VDC. It should be understood by one of ordinary skill 
in the art that the values presented hereinabove are approxi 
mate and are dependent upon Specific pieces of equipment. 

FIG. 2 is a sectional view of Substrate 103, as shown in 
FIG. 1, after etching to generate trenches 201 and 204 in 
partially completed vertical cavity Surface emitting laser 
200. It should be understood that elements and figures 
previously identified in FIG. 1 will retain their original 
identifying numerals. AS shown in FIG. 2, the partially 
fabricated VCSEL 100 is further illustrated with trench 201 
having sidewalls 202 and a bottom 203, a ridge structure or 
ridge 206, a plurality of regions 205 and 208, and a distance 
207. It should be understood that regions 205 serve to 
electrically isolate VCSEL 100 and region 208 serves to 
electrically isolate the integrated driver circuit (discussed 
presently) from VCSEL 200. 

With Substrate 103 being etched anisotropically, sidewalls 
202 typically have a vertical orientation in which little 
lateral dimensionality of opening 121 is lost. That is, Size 
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122 of opening 121 of masking layer 117 is transferred to a 
material that is under masking layer 117. For example, size 
122 of opening 121 is transferred through layer 115, con 
ductive layer 113, layer 112, and into a portion of second 
stack of distributed Bragg reflectors 109. 

Etching of substrate 103 continues until distance 207 from 
bottom 203 to active area 107 is achieved. Distance 207 is 
measured as a distance from active area 107 to bottom 203. 
Typically, distance 207 can range from 1 microns or less, 
and a preferred distance of 0.75 microns or less, with a 
nominal distance of 0.5 micron or less. Accurate determi 
nation of distance 207 is achieved by any suitable detection 
method, Such as time, an optical end point, gaseous emission 
end point, or the like. Etching of substrate 103 generates 
ridge 206 that is partially isolated from a remainder of bulk 
material of the Second Stack of distributed Bragg reflectors 
109. 
Once the etch is completed, regions 205 and 208 are 

formed in the second stack of distributed reflectors 109, 
thereby further isolating ridge 206 and the integrated driver 
circuit (discussed presently). Regions 205 and 208 locally 
disrupt conductivity of the second stack of distributed reflec 
tors 109. In particular, regions 205 serves to confine a 
current to ridge structure 206. Generally, regions 205 and 
208 are made by implanting ions in bottom 203 of trench 
201 and in trench 204. Implantation of atoms is achieved by 
implanting any Suitable ion, Such as boron, oxygen, or 
hydrogen. However in a preferred embodiment of the 
present invention, hydrogen atoms are used. Typically, the 
hydrogen atoms are implanted with an energy and dose that 
range from 40 to 60 keV, with a preferred range from 45 to 
55 keV, and nominal value of 50 keV, and 2E12 to 2E16/ 
cm2, with preferred range from 2E13 to 2E15, with a 
nominal value of 2E14, respectively. It should be understood 
that both the etch and the implantation of ions should be kept 
above active area 107 so as to achieve good reliability. 
Additionally, it should be further understood that masking 
layer 117 of Substrate 103 can be cleaned at various stages 
of processing, Such as after the etch processes and after the 
ion implantation process. 

FIG. 3 is a sectional view of Substrate 103, as shown in 
FIG. 2, after deposition of a layer 302 on partially completed 
vertical cavity surface emitting laser 300. It should be 
understood that elements and figures previously identified in 
FIGS. 1 and 2 will retain their original identifying numerals. 
As shown in FIG. 3, the partially fabricated VCSEL300 is 
further illustrated with a layer 302. 

Generally, layer 302 has been deposited or disposed on 
partially fabricated VCSEL300, thus covering sidewalls 202 
and bottom 203, as well as layer 115. Additionally, it should 
be noted that the deposition of layer 302 is achieved 
conformally, thus applying roughly equal amounts of layer 
302 all surfaces. Further, layer 302 is similar to layer 115 as 
described hereinabove, thus layer 302 is not describe in 
detail at present. In addition, layer 302 is applied and 
processed in a similar fashion as layer 115 as described 
hereinabove, thus the processing of this layer is not 
described in detail. 

FIG. 4 illustrates a layer 402 and a masking layer 404 
deposited or disposed on partially fabricated vertical cavity 
surface laser 400. Masking layer 404 is exposed and 
developed, and Subsequently etched to expose conductive 
layer 113 of ridge 206. It should be understood that elements 
and figures previously identified in FIGS. 1-3 will retain 
their original identifying numerals. 

Generally, layer 402 is deposited in a similar fashion as 
layer 115 as described hereinabove. Briefly, layer 402 is 
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6 
deposited on substrate 103, thereby covering layer 302 with 
layer 402. Masking layer 404 is subsequently applied, 
exposed and developed to expose ridge 206 with layers 115, 
302 and 402 thereon. 

Substrate 103 is then etched in a fluorine based chemistry 
as previously described to remove the exposed layers 115, 
302 and 402, thereby exposing conductive layer 113 of ridge 
206. Additionally, it should be noted that masking layer 404 
protects other areas of the partially completed vertical cavity 
surface emitting laser 400. Substrate 103 is subsequently 
cleaned to remove debris, as well as remaining masking 
layer 404. 

FIG. 5 is a sectional view of Substrate 103, as shown in 
FIG. 4, after deposition of a conductive layer 502 and 
application, eXposure, development of masking layer 504 
with a subsequent etch of substrate 103. It should be 
understood that elements and figures previously identified in 
FIGS. 1-4 will retain their original identifying numerals. As 
shown in FIG. 5, the partially fabricated vertical cavity 
surface emitting laser 500 is further illustrated with a 
conductive layer 502, a masking layer 504, opening 507, 
opening 510, and light 513. 

Conductive layer 502 is made of any suitable conductive 
material, Such as a metal, e.g., aluminum, copper, tungsten, 
titanium, or the like, an alloy, e.g., aluminum/copper, tita 
nium tungsten, or the like, or a combination of metal or alloy 
layer or layers, e.g., aluminum, gold, titanium/tungsten, or 
the like. In a preferred embodiment of the present invention, 
conductive layer 502 is made of a combination of layers. 
More Specifically, a layer of titanium/tungsten is disposed or 
deposited on Substrate 103 as previously described with 
reference to conductive layer 113. 

Briefly, the titanium/tungsten (titungsten) layer is depos 
ited having a thickness ranging from 2,000 to 6,000 
Angstroms, with a preferred range from 3,000 to 5,000 
Angstroms, and a nominal thickness value of 4,000 Ang 
Stroms. Additionally, another layer of either gold or alumi 
num is deposited on the titanium/tungsten layer. Typically, 
the gold or the aluminum layer is deposited having a 
thickness ranging from 500 to 1,500 Angstroms, with a 
preferred range from 700 to 1,300 Angstroms, and a nominal 
thickness value of 1,000 Angstroms. 
Masking layer 504 is subsequently applied to conductive 

layer 502, exposed and developed to expose openings 507 
and 510. Substrate 103 including openings 507 and 510 is 
etched by any Suitable method or technique, Such as the 
gaseous plasma as described herein above, or a wet chemical 
etch. With conductive layer 502 being made of the titanium/ 
tungsten layer with a layer of either gold or aluminum, 
conductive layer 502 is etched with a combination of etching 
techniques depending upon Specific material compositions. 
Regarding the etching of the gold or aluminum layer, if gold 
is used a potassium iodide etchant is used; however, if 
aluminum is used a potassium hydroxide is used. Regarding 
the etching of the titanium/tungsten, a dry etch having a 
fluorine based chemistry is used. By etching or removing 
conductive layer 502 through an opening 508 of masking 
layer 504, window or opening 507 is fabricated, thereby 
allowing light 513 to exit ridge 206 when properly excited. 
In addition, opening 510 is fabricated, thereby allowing for 
the fabrication of the integrated driver circuits (discussed 
presently). 

Further, it should be understood that Substrate 103 is 
cleaned So as to remove all residue material, as well as 
masking layer 504, thereby making substrate 103 ready for 
a next application. After completion of the etch, Substrate is 
cleaned to remove debris and remaining masking layer 504. 
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FIG. 6 is a sectional view of Substrate 103, as shown in 
FIG. 5, after an antireflective coating layer 602 is applied 
and processed. It should be understood that Similar elements 
and features previously identified in FIGS. 1-5 will retain 
their original identifying numerals. 

Antireflective coating layer 602 is any Suitable material, 
Such as a nitride material, an organic material, or the like. In 
a preferred embodiment of the present invention, a nitride 
layer is disposed or deposited on Substrate 103, thereby 
forming antireflective coating layer 602. Generally, with 
antireflective coating layer 602 being a nitride layer, anti 
reflective coating layer 602 is similar to layer 115 as 
described hereinabove, thus nitride layer processing is not 
further described at present. The nitride layer is deposited on 
substrate 103 covering conductive layer 502 and layer 112 of 
ridge 206. 

Next, a Surface 615 of Substrate 103 is made into a contact 
620. Typically, a combination of layers, e.g., nickel/ 
germanium/gold are deposited on Surface 615 of Substrate 
103. Substrate 103 and the combination of layers are then 
annealed to combine the combination of layers into the 
Substrate 103. Any Suitable annealing proceSS can be used. 
However, in a preferred embodiment of the present 
invention, a Rapid Thermal Anneal (RTA) at 450 degrees 
Celsius is used. Contact 620 will serve as a cathode for 
VCSEL 600. 

Referring now to FIG. 7, illustrated is a sectional view of 
substrate 103, as shown in FIG. 5, after a polysilicon layer 
702 is applied and processed. It should be understood that 
similar elements and features previously identified in FIGS. 
1-6 will retain their original identifying numerals. Once the 
wafer structure of VCSEL 500 is fabricated, a layer of 
polysilicon 702 is deposited over antireflective coating layer 
602. Layer 702 of polysilicon is deposited on the top of the 
VCSEL wafer and is utilized to fabricate the driver circuits 
(discussed presently) and photodetectors (discussed 
presently). 

Typically, polysilicon layer 702 is deposited on antire 
flective coating layer 602, thereby covering layer 602 with 
layer 702. It should be noted that the deposition of layer 702 
is achieved conformally, thus applying roughly equal 
amounts of layer 702 across the VCSEL structure. Briefly, 
polysilicon layer 702 is deposited having a thickneSS ranging 
from 500 to 5000 Angstroms, with a preferred range from 
500 to 2000 Angstroms, and a nominal thickness value of 
1000 Angstroms. 

Referring now to FIGS. 8 and 9, illustrated in FIG. 8 is a 
Sectional view of Substrate 103, as shown in FIG. 7, after 
another Series of etching Steps to the partially completed 
ridge vertical cavity surface emitting laser 500, illustrating 
fabrication of the integrated driver circuit 802 and vertically 
integrated p-i-n photodiode 804. In an alternative embodi 
ment and as shown in FIG. 9, illustrated is a similar sectional 
view of Substrate 103, including the integrated circuit 802 
and an integrated lateral p-i-n photodiode 904. 

Integrated driver circuit 802 in this preferred embodiment 
is described as a polysilicon CMOS driver circuit well 
known in the art. Utilizing a plurality of masking and 
etching steps, driver circuit 802 is fabricated by initially 
forming within polysilicon layer 702, Source and drain 
regions. More particularly, formed in polysilicon layer 702 
are p-MOS drain region 806, p-MOS source region 807, 
n-MOS drain region 808 and n-MOS source region 809. It 
should be understood, as illustrated, regions 806, 807, 808 
and 809 have formed on a surface contacts 810, 811, 812 and 
813, respectively. Contacts 810, 811, 812 and 813 are 
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8 
typically formed of a conductive material, Such as 
aluminum, titanium tungsten, polysilicon, or the like. Next, 
n-MOS and p-MOS gate structures are formed. Illustrated 
are gate structures 814 and 815, respectively. It should be 
understood that gate structures 814 and 815 includes a gate 
oxide material, generally any type of Suitable insulative 
material, Such as Silicon oxide (SiO2) and a conductive 
material disposed on a Surface of the insulative material, 
Such as polysilicon, or aluminum. In combination, this 
insulative material and conductive material form gate Struc 
tures 814 and 815. As illustrated, through the process of 
forming these structures using masking and etching 
techniques, a complete CMOS driver circuit 802 is fabri 
cated including a p-MOS structure 816 and n-MOS structure 
818. 

Referring specifically to FIG. 8, in this preferred embodi 
ment photodetector 804 is described as a p-i-n photodiode, 
and is sometimes referred to herein as p-i-n photodiode 804. 
P-i-n photodiode 804 in a preferred embodiment is vertically 
integrated relative to VCSEL 500. More particularly, p-i-n 
photodiode 804 is fabricated by doping polysilicon layer 702 
with a p-dopant and an n-dopant. It should be understood 
that any Suitable p-type doping or n-type doping, Such as 
phosphorus and boron, respectively, can be used in doping 
of polysilicon layer 702. Doping of polysilicon layer 702 is 
achieved through implant or diffusion techniques well 
known in the doping art. In an alternative embodiment, a 
n-i-n photoconductor is formed by doping polysilicon layer 
702 with a n-dopant, thereby having two n-doped regions 
Separated by an intrinsic region, and forming a n-i-n Struc 
ture. 

In yet another alternative embodiment, and as illustrated 
in FIG. 9, a p-i-n photodiode 904 is fabricated by doping a 
region 920 of polysilicon layer 702 with a n-dopant and 
doping a region 922 of polysilicon layer 702 with a 
p-dopant. A region 924 of polysilicon layer 702 remains 
undoped and is characterized as an intrinsic region. In an 
alternative embodiment, a n-i-n photoconductor is formed 
by doping region 922 with a n-dopant, thereby having two 
n-doped regions Separated by an intrinsic region, and form 
ing a n-i-n Structure. 

Referring again to FIGS. 8 and 9, a plurality of contacts 
826 and 827 are disposed on an uppermost surface of the 
doped regions and Serve as an anode and cathode contact for 
photodetector 804/904. 
Once driver circuit 802 and photodiode 804/904 are 

formed into polysilicon layer 702, a passivation layer 828 is 
disposed over the entire structure. Passivation layer 828 is 
generally composed of a field oxide material, and protects 
the device and circuitry from moisture. Passivation layer 
828 is patterned using masking and etching technology to 
expose drain and source contacts 810, 811, 812 and 813, a 
contact 830 which will serve as an anode for VCSEL 500 
operating in combination with contact 620 (previously 
discussed) which serves as the cathode for VCSEL 600, and 
contacts 826 and 827 which serve as a cathode and anode, 
respectively, for photodetector 804/904. 

Referring now to FIG. 10, illustrated in top view is a 
semiconductor chip 950 including a VCSEL array 952. 
VCSEL array 952 is generally composed of a plurality of 
VCSEL structures fabricated according to the method dis 
closed herein with regard to VCSEL 500 and a plurality of 
photodetectorS fabricated according to the method disclosed 
herein with regard to photodetector 804 of FIG. 8 or 
photodetector 904 of FIG. 9. It should be understood that 
VCSEL array 952 is fabricated and thus described as either 
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a passive array or an active array. In the instance where 
VCSEL array 952 includes an active matrix array, each pixel 
would include a polysilicon thin film transistor as an active 
matrix Switch and a Surface emitting laser. Semiconductor 
chip 950 includes a plurality of integrated driver circuits, 
including row driver circuits 954 and column driver circuits 
956. Row and column driver circuits 954 and 956 are 
disclosed as fabricated according to the method disclosed 
herein with regard to driver circuit 802 of FIGS. 8 and 9. 
Driver circuits 954 and 956 are fabricated about a periphery 
of semiconductor chip 950 thereby providing for ease in 
interfacing of semiconductor chip 950 to a power source, a 
printed circuit board (PCB), or the like. To provide for 
interconnect of semiconductor 950 there are provided a 
plurality of contact pads 958 positioned about a perimeter of 
semiconductor chip 950. Contact pads 958 are interfaced 
using metal interconnects, Such as patterned aluminum 
traces, so as to electrically interface contact pads 958 with 
driver circuits 954 and 956 and VCSEL array 952. 

During operation, the optical output power of each indi 
vidual VCSEL in array 952 is measured by the integrated 
photodetectors. This measurement is Subsequently used to 
adjust the electrical power input to the individual VCSEL 
devices and thereby, adjust the optical output power. Adjust 
ment of the power is achieved by establishing a feedback 
loop between each individual photodetector of array 952 and 
driver circuits 954 or 956 to adjust the laser injection current 
to maintain a constant laser emission power in response to 
the feedback. 
By now it should be appreciated that a novel VCSEL 

Semiconductor chip with integrated drivers and photodetec 
tors and a method for fabricating the VCSEL semiconductor 
chip with integrated drivers and photodetectors has been 
provided. This device and method for making the integrated 
VCSEL chip provides for a highly integrated device that has 
manufactured as a part thereof drivers and photodetectors 
for automatic power control (APC) of the VCSEL devices. 
The VCSEL semiconductor chip with integrated drivers and 
photodetectors made with this method can be utilized in a 
wide variety of applications. 

While we have shown and described specific embodi 
ments of the present invention, further modifications and 
improvements will occur to those skilled in the art. We 
desire it to be understood, therefore, that this invention is not 
limited to the particular forms shown and we intend in the 
appended claims to cover all modifications that do not depart 
from the Spirit and Scope of this invention. 
What is claimed is: 
1. A vertical cavity Surface emitting laser Semiconductor 

chip comprising: 
a vertical cavity Surface emitting laser formed on a 

Substrate; 
a photodetector, integrated with the vertical cavity Surface 

emitting laser for automatic power control of the ver 
tical cavity Surface emitting laser; and 

a laterally integrated driver circuit, formed on the 
Substrate, and about a periphery of the Substrate, the 
driver circuit characterized as receiving feedback from 
the photodetector and adjusting an output power of the 
Vertical cavity Surface emitting laser in response to the 
feedback. 

2. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 1 wherein the Vertical cavity Surface 
emitting laser is a passive array of Vertical cavity Surface 
emitting lasers. 

3. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 1 wherein the Vertical cavity Surface 
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10 
emitting laser is an active-matrix array of Vertical cavity 
Surface emitting laser. 

4. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 1 wherein the photodetector is a 
laterally integrated p-i-n-photodiode. 

5. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 1 wherein the photodetector is a 
laterally integrated n-i-n-photodiode. 

6. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 1 wherein the photodetector is a 
Vertically integrated p-i-n-photodiode. 

7. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 1 wherein the photodetector is a 
Vertically integrated n-i-n-photodiode. 

8. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 1 wherein the driver circuit is an 
integrated polysilicon CMOS driver circuit. 

9. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 3 wherein the pixel of the active 
matrix array includes a polysilicon thin film transistor as an 
active-matrix Switch and a Surface emitting laser. 

10. A vertical cavity Surface emitting laser Semiconductor 
chip comprising: 

a vertical cavity Surface emitting laser formed on a 
Substrate; 

an integrated photodetector formed on the Substrate, adja 
cent the Vertical cavity Surface emitting laser; and 

a laterally integrated polysilicon CMOS driver circuit 
formed on the Substrate, adjacent the integrated 
photodetector, and about a periphery of the Substrate. 

11. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 10 wherein the vertical cavity 
Surface emitting laser is characterized as a wafer Structure 
and includes a first stack of distributed Bragg reflectors 
disposed on a Surface of the Substrate, an active region 
disposed on the first Stack of distributed Bragg reflectors, a 
Second Stack of distributed Bragg reflectors disposed on the 
active region, a contact region and a dielectric layer. 

12. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 11 further including a polysilicon 
layer disposed on an upper Surface of the vertical cavity 
Surface emitting laser wafer Structure. 

13. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 12 wherein the integrated photo 
detector and the laterally integrated CMOS driver circuit are 
formed in the polysilicon layer. 

14. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 12 wherein the integrated photo 
detector includes a laterally integrated p-i-n photodiode 
fabricated about a periphery of the vertical cavity Surface 
emitting laser. 

15. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 12 wherein the integrated photo 
detector includes a laterally integrated n-i-n photoconductor 
fabricated about a periphery of the vertical cavity Surface 
emitting laser. 

16. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 12 wherein the integrated photo 
detector includes a vertically integrated p-i-n photodiode 
fabricated on an uppermost Surface of the vertical cavity 
Surface emitting laser and within the polysilicon layer. 

17. A vertical cavity Surface emitting laser Semiconductor 
chip as claimed in claim 12 wherein the integrated photo 
detector includes a vertically integrated n-i-n photoconduc 
tor fabricated on an uppermost Surface of the Vertical cavity 
Surface emitting laser Structure and within the polysilicon 
layer. 


